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mention a mineralogical paper by Dr. J. S. Flett, read at an earlier 
session, on crystals dredged from the Clyde near Helensburgh, 
which are believed to be pseudomorphs after celestine. 

In a paper on the source of the alluvial gold of the Kildonan 
field, Sutherland, Mr. J. Malcolm Maclaren, as the result of a 
recent investigation, concludes that the gold has been derived 
from the white quartz veins of the local schists, whence it has 
been distributed into the glacial drift and finally concentrated 
mechanically in the present stream-courses. In a second paper 
Mr. Maclaren dealt with the influence of organic matter on the 
deposition of gold in veins, from personal observation on the 
reefs of the Sympic and Croydon goldfields of Queensland and 
of the Ballarat field of Victoria, giving illustrations of the en¬ 
richment of the veins at the contact with carbonaceous or 
graphitic rocks, and suggesting the possibility of precipitation by 
carbonaceous matter, in accordance with the opinion once 
generally held, but latterly much discredited. 

Mr. E. H. Cunningham Craig described the mode of occur¬ 
rence of cairngorms, the search for which was formerly a 
profitable Scottish industry, but has now been practically 
abandoned. These idiomorphic quartz-crystals occur in the 
drusy central zones of veins of fine-grained granite traversing the 
normal coarser and less acid granites. 

Prof. Joly’s computations of the age of the earth from the 
amount of salt in the sea were incidentally criticised by Mr. W. 
Ackroyd in a paper on the circulation of salt and its geological 
bearings. It was shown by Mr. Ackroyd that for the Millstone 
Grit and limestone districts of Yorkshire, as well as for a belt of 
the American coast some 200 miles broad, fully 99 per cent, of 
the salt carried by the rivers was cyclic sea-salt which had been 
atmospherically transported and carried down by rain, while 
Prof. Joly allows only 10 per cent, as the proportion thus derived 
in our rivers. Reference Was made to estimates by the author 
that during 1900-1901 the deposition of salt derived from the 
sea amounted to 172 3 lbs. per acre per year on the Pennine 
Hills at over 1000 feet above sea-level. 

At the same session Mr. W. Ii. Wheeler discussed the sources 
of the warp in the Iiumber, urging that the material was 
brought down by the rivers flowing into the Humber, and not 
by the inflowing tide from the waste of the Holderness coast 
as has been authoritatively stated. Two papers by Mr. J. 
Rhodes were also read, describing the discovery of phosphatic 
nodules and phosphate-bearing rock in the Upper Carboniferous 
Limestone series on the Yorkshire and Westmorland border, 
and of a silicified plant seam in the same locality. 

There still remained a list of ten papers and reports to be 
taken at the final meeting on Wednesday, the majority being 
papers dealing with foreign geology. Dr. A. Smith Woodward 
sent an account of his recent investigations of the famous bone- 
beds of Pikermi, Attica, where in re-working the old locality 
he obtained fragmentary evidence of a gigantic tortoise at least 
as large as the largest hitherto found in Europe, and in a new 
locality, at Achmet Aga in North Euboea, sixty miles distant 
from the former, he found a similar bone-bed, probably formed 
in like manner by torrential floods carrying down their debris 
into lakes. 

Mr. H. J. L. Beadnell, of the Geological Survey of Egypt, 
also sent an account of the discovery of bone-beds of early 
Tertiary age in the Fayum depression, which have yielded many 
new mammalian and reptilian remains now being worked out by 
Dr. C. W. Andrews, of the British Museum, who visited the 
locality with Mr. Beadnell. 

Prof. E. Hull, in continuance of his researches on submarine 
physiography, discussed the physical history of the Norwegian 
fjords. These he believes to be essentially river-valleys, of 
which the lower portions, probably once deep gorges traversing 
what is now the open sea-floor, are entirely filled with drift, and 
thus obliterated. 

The origin of the gravel flats of Surrey and Berkshire was 
discussed by Mr. H. W. Monckton, who concludes that these 
deposits were river-gravels formed since the country last rose 
above the sea, during periods of repose in the process of eleva¬ 
tion, which was differential in its effects. 

As usual, much of the best work brought before the Section 
was embodied in the Reports of Committees of Research, for 
which, unfortunately, we have barely space for mention. The 
report of the Geological Photographs Committee, by Prof. 
W. W, Watts, and that on Erratic Blocks, by Prof. P. F. 
Kendall, showed the same substantial progress which these 
vigorous committees customarily present. The report on 
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Carboniferous Life-zones, by Dr. Wheelton Hind, and that on 
the Underground Waters of N. W. Yorkshire, by Captain A. R. 
Dwerryhouse, though hampered by unforeseen local difficulties 
in the latter case, also showed solid progress ; while that on the 
Exploration of Irish Caves gave a preliminary account of the 
good results attained by the first year’s working at Keish, co. 
Sligo ; and that on the Structure of Crystals (drawn up by Mr. 
W. Barlow and Prof. H. A. Miers, assisted by Mr. G. F. 
Herbert Smith) forms an invaluable contribution to the history 
of crystallographic research. 

As usual there were afternoon excursions during the meeting 
to places of geological interest within easy reach of Glasgow, 
besides the whole-day excursions to Girvan, Arran, Loch 
Lomond and The Trossachs on Saturday. The attendance at 
the sectional meetings throughout was quite up to the average 
of recent years, and general satisfaction was expressed with the 
character of the proceedings of Section C at Glasgow. 


ZOOLOGY OF THE TWENTIETH CENTURY . 1 
E have stood in retrospect at the close of the nineteenth 
century and marvelled at what it brought forth. Here at 
the threshold of the twentieth century it is natural that we should 
wonder what it will unfold. Will the changes be as great and 
in what direction will advance chiefly be made? I am the more 
content to consider such questions for three reasons : first, be¬ 
cause we can use history to formulate predictions ; second, be¬ 
cause the attempt may possibly influence to some slight degree 
the future development of zoology ; and third, because the at¬ 
tempt is tolerably safe since we shall none of us know all that 
the century will bring forth. 

Comparing the beginning of the twentieth century with that 
of the nineteenth we find the most striking advances to have 
taken place in our morphological knowledge. The nineteenth 
may, indeed, be designated the morphological century. The 
demands of systematic zoology first made anatomical studies 
necessary. Later, comparison came to be accepted as the funda¬ 
mental zoological method,|and comparative anatomy, emancipated 
from its servitude to systematic zoology, became an independent 
science. Still later embryology arose, at first as a descriptive 
science and then as a comparative one. Out of embryology 
arose modern cytology, which in turn is creating a comparative 
histology. Partly as a result of studying embryology as a 
process has arisen the modern tendency toward comparative 
physiology. As a result of the general acceptance of the evolu¬ 
tion doctrine the study of the geographical distribution of or¬ 
ganisms and of adaptations has gained a new meaning. From 
the great matrix of “ general biology” there have begun to 
crystallise out a number of well-defined subsciences. 

Looking broadly at the progress made during the past century 
we see that zoology has become immensely more complex due 
to its developing in many lines, and that the new lines are 
largely interpolated between the old and serve to connect them. 
The descriptive method has developed into a higher type—the 
comparative; and of late years still a new method has been 
introduced for the study of processes—the experimental. The 
search for mechanisms and causes has been added to the search 
for the more evident phenomena. The zoologist is no longer 
content to collect data ; he must interpret them. 

In view of the past history of our science what can we say of 
its probable future ? We may be sure that zoology will develop 
in all these three directions: (1) The continued study of old 
subjects by old methods; (2) the introduction of new methods 
of studying old subjects ; and (3) the development of new 
subjects. 

I am not of those who would belittle the old subjects, even 
when pursued in the old way. There is only one class of 
zoologist that I would wish to blot out, and that is the class 
whose reckless naming of new “species” and “varieties” 
serves only to extend the work and the tables of the conscien¬ 
tious synonymy hunter. Other than this all classes will con¬ 
tribute to the advancement of the science. No doubt there are 
unlabled species and no doubt they must, as things are, be 
named. And no doubt genera and families must be “ revised” 
and some groups split up and others lumped. So welcome to 
the old-fashioned systematist, though his day be short, and may 

1 Address delivered before the Section of Zoology of the American Asso¬ 
ciation for the Advancement of Science, at Denver, by Prof. C. B. Daven¬ 
port, president of the Section. 
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"he treat established genera gently. No doubt there are types of 
animals of whose structure we are woefully ignorant; no doubt 
we need to know their internal anatomy in great detail. So 
welcome to the zootomist in this new century, and may he 
invent fewer long names for new organs. No doubt there are 
groups of whose relationships we know little, and which have 
been buffeted about from one class to another in a bewildering 
way. We need to have their places fixed. So welcome to the 
comparative anatomist and the embryologist, and may their 
judgment as to the relative value of the criteria of homology 
grow clearer. No doubt our knowledge of inheritance and 
development will be immensely advanced by the further study 
of centrosomes, asters and chromosomes. Welcome, therefore, 
to the cytologist, and may he learn to distinguish coagulation 
products and plasmolytic changes from natural structures. All 
these subjects have victories in store for them in the new 
century. To neglect them is to neglect the foundations of 
zoology. 

But the coming century will, I predict, see a change in the 
methods of studying many of these subjects. In systematic 
zoology fine distinctions will no longer be expressed by the 
rough language of adjectives, but quantitatively, as a result of 
measurement. There is every reason to expect, indeed, that 
the future systematic work will look less like a dictionary and 
more like a table of logarithms. Our system of nomenclature, 
meanwhile, will probably break down from its own weight. 
Now that the binomial system of nomenclature has been replaced 
by a trinomial, there is no reason why we should not have a 
quadrinomial nomenclature or even worse. It seems as if the 
Linnaean system of nomenclature is doomed. What will take 
its place can hardly be predicted. The new system should 
recognise the facts of place-modes and colour-varieties. We 
might establish certain categories of variation such as those of 
geographical regions, of habitat, of colour. A decimal system 
of numbers might be applied to the parts of the country or the 
kinds of habitat and the proper number might take the place of 
the varietal or subvarietal name. Thus the north-eastern skunk 
might be designated Mephitis mepkitica 74, and the south¬ 
eastern skunk Mephitis mephitica 75 (adopting the Dewey 
system of numerals). The Maine skunk would then be 741, 
that of New York 747, and so on. This much for a suggestion. 

So likewise for the morphologist the coming century will 
bring new aims and new methods. No longer will the construc¬ 
tion of phylogenetic trees be the chief end of his studies, but a 
broad understanding of the form producing and the form main¬ 
taining processes. The morphologist will more and more con¬ 
sider experiment a legitimate method for him. The experimental 
method will, I take it, be extended especially to the details of 
cytology, and here cytology will make some of its greatest 
advances. 

Not only will the old subjects be studied by new methods, but 
we have every reason to believe that new subsciences will arise 
during the twentieth century as they arose during the nineteenth. 
Of course we cannot forecast all of these unborn sciences, as 
cytology and neurology could hardly have been forecast at the 
beginning of the nineteenth century. But we can see the be¬ 
ginnings of what are doubtless to be distinct sciences. Thus 
comparative physiology is still in its infancy, and is as yet hardly 
worthy of the name of a science ; there is no question that this 
will develop in the coming decades. Animal behaviour has long 
been treated in a desultory way, and many treatises on the sub¬ 
ject are rather contributions to folk-lore than to science. But we 
are beginning to see a new era—an era of precise, critical and 
objective observation and record of the instincts and reactions 
of animals. One day we shall reach the stage of comparative 
studies and shall have a science of the ontogeny of animal in¬ 
stincts. This will have the same importance for an interpret¬ 
ation of human behaviour that comparative anatomy and embry¬ 
ology have for human structure. 

Prominent among the advances of the century will be the 
ability to control biological processes. We shall know‘the fac¬ 
tors that determine the rate of growth and the size of an animal, 
the direction and sequence of cell-divisions, the colour, sex and 
details of form of a species. The direction of ontogeny and of 
phylogeny will be to a greater or less extent under our control. 

The study of animals in relation to their environment, long 
the pastime of country gentlemen of leisure, will become a 
science. Some day we shall be able to say just what determines 
an animal’s presence at any place; and, more than that, we 
shall be able to account for the fauna, the sum total of animal 
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life of any locality, and to trace the history of that fauna. This 
is at least one of the aims of animal ecology. It is a 
reproach to zoology that the subject of animat ecology 
should lag so far behind that of plant ecology. When zoo¬ 
logists fully awaken to a realisation of what a fallow 
field lies here this reproach will quickly be wiped out. 
As it is we have a notion that the factors determining the occur¬ 
rence of an animal or of a fauna are too complicated to be un¬ 
ravelled. As a matter of fact the factors are often quite simple. 
Let me illustrate this by some studies I have made this summer 
on the Cold Spring Beach. This beach is a spit of sand 2000 
feet long and 50 to 75 feet broad, running from the western 
mainland into the harbour and ending in a point that is being 
made several feet a year through the cooperation of wave, tide, 
and a silt-transporting creek of fresh water. On the outer 
harbour side is a broad, gradually sloping sandy and gravelly 
beach, covered by high tide, and devoid of living vegetation. 
Above that is a narrow zone—the middle beach—covered with 
the debris of storms, supporting a few annual plants, and 
bounded above by a storm-cut bluff. Above is the upper beach, 
covered with a perennial, sand-loving vegetation. On the 
lower beach the zonal distribution of animals is striking. Just 
above the water are found the scavenger mud-snails, and, 
further up, a crowd of Thysanura—small insects that rise to the 
surface of the water when the tide comes in. These find a 
living on the finer debris or silt that settles on the pebbles 
during the high tides. In this zone also Limuius lays its eggs 
in the sand, and its nests are crowded with nematodes that feed 
on the eggs. During the breeding season scores of the female 
Limuius die here, and their carcasses determine a complex 
fauna. First, carrion beetles (Necrophorus) and the flesh fly 
live on the dead bodies ; then the robber flies and tiger-beetles 
are here to feed on this fauna, and, finally, numerous swallows 
course back and forth, gleaning from this rich field. At the 
upper edge of the lower beach is a band of debris dropped at 
slack water and consisting especially of shreds of Ulva and 
many drowned insects, especially beetles. At this zone or just 
above, under the drier but more abundant wreckage of the last 
storm, occur numerous Amphipoda of the genera Orchestia and 
Talorchestia. Associated with these marine creatures are 
numerous red ants, sand-coloured spiders and rove-beetles. 
The amphipods feed on the decaying sea-weed. The ants 
are here looking chiefly for the drowned insects. Their 
nests are further up on the middle beach, but the workers travel 
to the edge of the high tide to bring away their booty. 
The rove-beetles are general scavengers. The spiders, which 
are mostly of the jumping sort (of the family Attidoe), feed on 
the active insects and amphipods. At a higher zone and above 
all but the storm-driven tides one finds the nests of the ants, 
especially under logs, certain predaceous beetles and the 
xerophilous grasshoppers and crickets. Finally, on the plant- 
covered upper beach one finds characteristic leaf-eating beetles, 
grasshoppers and carnivorous insects. Now all this seems com¬ 
monplace enough and not especially instructive, and yet if you 
go to the shore of Lake Michigan you will find on a similar 
beach closely similar, if not identical, forms (excepting the beach 
fleas and the horse-shoe crabs); you will find similar ants, 
spiders, rove-beetles, tiger-beetles and sand grasshoppers. This 
fact alone shows the greater importance of habitat over geographi¬ 
cal region in determining the assemblage of animals that occurs in 
any one place. It may be predicted that studies on the relation 
of animals to their habitat will multiply, that they will become 
comparative and that the science of animal ecology will become 
recognised as no less worthy and no less scientific than the 
science of morphology. 

Studies on the origin of species were far from being unknown 
in the nineteenth century, but they were for the most part frag¬ 
mentary or speculative or narrow in view. The opinion that there 
was one method of evolution seemed to hold sway. It seems to me 
that the signs of the times indicate that we are about to enter upon 
a thorough, many-sided, inductive study of this great problem, 
and that there is a willingness to admit that evolution has ad¬ 
vanced in many ways. The attempt, therefore, to explain all 
specific peculiarities on the ground of natural selection, or on the 
ground of self-adjustment, or on the ground of sport-preservation 
through isolation we may expect equally to prove futile. All 
these causes are no doubt real in some cases, but to exclude any 
one or to deny that new causes may be found in the future is 
equally dangerous and unscientific. 

It is often said that the factors of evolution are inheritance and 
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variation. In the new century careful and quantitative studies 
will be made on these factors. We shall get at quantitative ex¬ 
pressions of the more complicated forms of heritage in the same 
way as Galton has given us an expression of a simple form of 
inheritance. We shall hope to understand why some qualities 
blend and others refuse to do so. We shall learn the laws of 
mingling of qualities in hybrids and get an explanation of the 
monstrosities and the sterility which accompany hybridisation. 
What we call reversion and prepotency will acquire a cytological 
explanation, and it may be that the theory of fertilisation will 
be seriously modified thereby. When we can predict the out¬ 
come of any new combination of germplasms, then, indeed, we 
shall have got at the laws of inheritance. 

As for the other factor, that of variation, I anticipate interest¬ 
ing developments in our knowledge of its laws and of its causes. 
The methods by which this knowledge is to be acquired are 
doubtless comparative observation, experimentation and a 
quantitative study of results. Within the last decade a profouud 
student of variation (Bateson) has declined to discuss its causes, 
holding that we had no certain knowledge of them. Even the 
categories of variation are still unenumerated. The science of 
variation is therefore one of those that we may hope to see 
established in this century. I feel convinced that statistical 
studies are first of all necessary to lay the foundations of the 
science. 

As an illustration of an application of statistics to evolution 
studies I will give some account of my work during the past two 
years on the scallop of our east coast, Pecten irradians. 

Pecten irradians is a bivalve mollusc of flattened lenticular 
form that inhabits our coast from Cape Cod southward. The 
Cape Cod limit is a rather sharp one, but southward our scallop 
passes gradually into the closely related forms of the South 
American coast. This fact would seem to indicate its southerly 
origin. To get light on the evolution of the group, I have 
studied and measured more than 3000 shells, chiefly from four 
localities :—(1) Cold Spring Harbour, Long Island ; (2) More- 
head, North Carolina; (3) Tampa, Florida; and (4) the late 
Miocene or early Pliocene fossils of the Nansemond River. 
The fossil shells, to which I shall frequently refer, were found 
embedded in the sand of Jack’s Bank, one mile below Suffolk, 
Virginia. The bank rises to a height of twenty-five to thirty 
feet. Shells were obtained from three layers, respectively one 
foot, six feet and fifteen feet above the base of the bluff. Of 
course, the upper shells lived later than the lower ones and 
may fairly enough be assumed to be their direct descendants. 
The time interval between the upper and lower levels cannot 
be stated. As I have measured sufficient shells from the 
bottom and top layers only I shall consider them chiefly. I 
wished to get recent Pectens from this locality, but the nearest 
place where they occur in quantity is Morehead, North 
Carolina. These Pectens may therefore stand as the nearest 
recent descendants of the Pectens of the Nansemond River. 

The Pecten shells have a characteristic appearance in each 
of the localities studied. After you have handled them for 
some time you can state in 95 per cent, of the cases the locality 
from which any random shell has come. First of all the shells 
differ in colour, especially of the lower valve. In the speci¬ 
mens from Cold Spring Harbour this is a dirty yellow, from 
Morehead, yellow to salmon, from Tampa, white through clear 
yellow to bright salmon. Second, the anterio-posterior 
diameter of the shell becomes relatively greater than the 
vertical diameter as you go north. Thus the anterio-posterior 
diameter exceeds, on the average, the dorso-ventral diameter: 
at Tampa, by about 1*5 mm. ; at Morehead, 2*5 mm. ; and at 
Cold Spring Harbour, 6 mm. The fossil Pectens have an excess 
of about 4 mm. 

Comparing the fossils with the Pectens of Morehead we find, 
as shown above, that the fossils are more elongated. Comparing 
the depth of the right valves having a height of 59 mm. we 
get :— 

From the lowest level, Jack’s Bank ... 8*8 mm. 

,, ,, highest ,, ,, ,, . ... 9*i mm. 

,, Morehead ... ... ... ... 197 mm. 

Hence the recent shells are much more nearly spherical than 
the fossils—there is a phylogenetic tendency toward increased 
globosity. 

The average number of rays in the different localities is as 
follows:— 
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Lower level, Jack’s Bank ... ... ... ... 22*6 

Middle ,, ,, ,, ... ... ... ... 22*1 

Upper „ „ „ .217 

Morehead and Cold Spring Harbour ... ... 17*3 


Tampa ... ... ... ... ... ... 20*5 


Here it appears that there is a phylogenetic tendency toward 
a decrease in the number of rays of Pecten irradians. To 
summarise ; the scallop is becoming, on the average, more 
globose, and the number of its rays is decreasing, and its valves 
are probably becoming more exactly circular in outline. The 
foregoing examples illustrate the way in which quantitative 
studies of the individuals of a species can show the change in 
its average condition, both at successive times and in different 
places. 

But the quantitative method yields more than this. It is well 
known that if the condition of an organ is expressed quantita¬ 
tively in a large number of individuals of a species the measure¬ 
ments or counts made will vary, i.e. they will fall into a number 
of classes. The proportion of individuals falling into a class 
gives what is known as the “frequency” of the class. Now it 
appears that in many cases the middle class has the greatest fre¬ 
quency (and is consequently called the mode), and as we depart 
from it the frequency gradually diminishes, and diminishes 
equally at equal distances above and below the mode. One can 
plot the distribution of frequencies by laying off the successive 
classes at equal intervals along a base line and drawing perpen¬ 
diculars at these points proportional in length to the frequency. 
If the tops of these perpendiculars be connected by a line there 
is produced a “frequency polygon.” The shape of the fre¬ 
quency polygon gives much biological information. When the 
polygon is symmetrical about the modal ordinate we may con¬ 
clude that no evolution is going on ; that the species is at rest. 
But very often the polygon is more or less unsymmetrical or 
“skew.” A skew polygon is characterised by this, that the 
curve runs from the mode further on one side than on the other. 
This result may clearly be brought about by the addition of indi¬ 
viduals to one side or their subtraction from the other side of 
the normal frequency curve. The direction of skewness is to¬ 
ward the excess side. The skew frequency polygon indicates 
that the species is undergoing an evolutionary change. More¬ 
over, the direction and degree of skewness may tell us some¬ 
thing of the direction and rate of that change. There is one 
difficulty in interpretation, however, for a polygon that is skew 
may be so either from innate or from external causes. In the 
case of skewness by addition we may think that there is an 
innate tendency to produce variants of a particular sort, repre¬ 
senting, let us say, the atavistic individuals. In this case skew¬ 
ness points to the past. The species is evolving from the 
direction of skewness. In the case of -skewness by subtraction, 
there are external causes annihilating some of the individuals 
lying at one side of the mode. Evolution is clearly occurring 
away from that side and in the direction of skewness. 

Now so far as we know at the present time there is no way of 
distinguishing skew polygons due to atavism from such as are 
due to selective annihilation. But in many cases at least the 
skewness, especially when slight, can be shown to be due to 
atavism ; and this is apparently the commoner cause. This 
conclusion is based first upon a study of races produced experi¬ 
mentally and whose ancestry is known, and secondly upon 
certain cases of compound curves. Take the case of the ray 
flowers of the common white daisy. A collection of such daisies 
gathered in the field and studied by De Vries gave a mode of 
13 ray flowers with a positive skewness of 1*2. The 12- or 
13-rayed wild plants were selected to breed from, and their 
descendants, while maintaining a mode at 13, had the increased 
positive skewmess of 1*9. The descendants of the 12-rayed 
parents had a stronger leaning towards the high ancestral number 
of ray flowers than the original plants had. The 21-rayed 
plants' were also used to breed from. Their descendants were 
above the ancestral condition as the descendants of the 12-rayed 
plants were below.. The skewness -0*13 is comparatively 
slight. In this case we have experimental evidence that curves 
may be skew toward the original ancestral condition. 

Of the compound polygons it is especially the bimodal polygon 
that frequently gives hint of two races arising out of one 
ancestral, intermediate condition. Consequently we should 
expect the two constituent polygons to be skew in opposite 
directions ; and so we usually find them to be. For example, 
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Bateson has measured the horns of the heads of 343 rhinoceros 
beetles and has got a bimodal polygon. The polygon with the 
lower mode has a skewness of +0*48; that with the higher 
mode a skewness of -0'03. One might infer that the right- 
hand form, the long-horned beetles, had diverged less than the 
short-horned from the ancestral condition. Again, as is well- 
known, the chinch bug occurs in two forms—the long-winged 
and the short-winged. Now, in a forthcoming paper my pupil, 
Mr. Garber, will show that the frequency polygon of the short¬ 
winged form has a skewness of +0*44, while that of the long¬ 
winged form has a skewness of -o - 43. On our fundamental 
hypothesis the ancestral condition must have been midway 
between the modes. 

Still a third class of cases that gives evidence as to the sig¬ 
nificance of skewness is that where two place modes have moved 
in the same direction but in different degrees. Thus the index 
(breadth -f length) of the shell of Littorina littorea , the shore 
snail, as measured by Bumpus has, at Newport, a mode of 90; 
at Casco Bay, of 93. The skewness is positive in both places 
and greater (+ *24) at the more southern point than at Casco 
Bay ( + ’13). This indicates that the ancestral races had a 
higher index even than those of Casco Bay, probably not far 
from 96, and also that the Littorina littorea of our coast came 
from the northward, since the northern shells are the rounder. 
We have historical evidence that they did come from the north¬ 
ward. Likewise the Littorinas from South Kincardineshire, 
Scotland, have a modal index of 88 and a skewness of +o - o65j 
while those of the Humber, with a mode of 91 have a skewness 
of + 0’048. These figures suggest that if the mode were 97 the 
skewness would be o, and this would give practically the same 
value to the ancestral index as arrived at for the Littorinas of 
our coast. It will be seen from these illustrations that the 
form of the frequency polygon may be of use in determining 
phylogeny. 

While skewness is thus often reminiscent, we must not forget 
the possibility that it may be, in certain cases, prophetic. This 
has come out rather strongly in a piece of work I have been 
engaged on during the past year. I have been counting the 
number of rays in recent Pecten irradiam from various localities, 
and have obtained in some cases evident skewness in the fre¬ 
quency polygons. To see what phylogenetic meaning, if any, 
this skewness has I sought to get a series of late fossils. After 
careful consideration I was led to go to the Nansemond River 
for the late Tertiary fossils found there and already referred to ; 
these served my purpose admirably. We may now compare the 
average number of rays from the two extreme layers at Jack’s 
Bank and at Morehead with the indices of skewness of the 
frequency polygons from the same localities. 


Place. Av. No. of rays. Index of skewness <r 

Morehead, N.C. i7'3 ... -0 09 ... o*8i 

Upper layer, Jack’s Bank... 217 ... -0*16 ... I'lo 

Lower ,, ,, ,, ... 22*6 ... -0*22 ... 1*24 


This series is instructive in that it tells us that the gradual 
reduction in number of rays has been accompanied at each pre¬ 
ceding stage by a negative skewness. This skewness was thus 
prophetic of what was to be. The skew condition of the fre¬ 
quency polygon we may attribute to a selection taking place at 
every stage, and the interesting result appears that the selection 
diminishes in intensity from the earliest stage onward. It is as 
though perfect adjustment were being acquired. If adjustment 
were being perfected we might expect a decrease in the varia¬ 
bility in the rays at successive periods. And we do find such 
a decrease. This is indicated in the last column, where a 
stands for the index of variability. From this column it ap¬ 
pears that the variation in the number of rays has diminished 
from 1*24 rays in the Miocene to 081 ray in recent times. 
This fact again points to an approach to perfection and stability 
on the part of the rays. Exactly why or wherein the reduced 
number of rays is advantageous I shall not pretend to say. It 
is quite possible that it is not more advantageous, but that there 
is in the phylogeny of Pecten irradians an inherent tendency 
towards a reduction in the number of multiple parts. As a 
matter of fact there are other Pectens in which the number of 
rays is less even than in irradians. 

The reduction in the variability of the rays with successive 
geological periods has another interest in view of the theory of 
Williams and of Rosa, according to which evolution and differ¬ 
entiation have of necessity been accompanied by a reduction in 
variability. Evolution consists, indeed, of a splitting off of the 
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extremes of the range of variation, so that in place of species 
with a wide range of variability we have two or three species 
each with a slight range of variability. In the particular case 
in hand, however, it is not certain that the lower Jack’s Bank 
form-unit (named Pecten eboreus by someone) has given rise to 
any other form than something of which Pecten “ irradians ” 
of Morehead is a near representative. The evidence indicates 
that the reduced variability is solely the effect of the skewing 
factors. 

The upshot of this whole investigation into the biological 
significance of skew variation is, then, this: Skewness is sometimes 
reminiscent and sometimes prophetic. In our present state of 
knowledge it is not possible by inspecting a single skew curve to 
say which of the two interpretations is correct in the given case. 
But by a comparison of the frequency curves of allied form-units 
the state of affairs can usually, as in the examples given, be 
inferred. A method of interpreting the single skew curve is a 
discovery for the future. 

I realise that I have been bold, not to say rash, in this attempt 
to forecast the zoology of the twentieth century. I suppose, 
after all, I have merely expressed my personal ideals. Let 
those comfort themselves, therefore, who like my picture not 
and let them draw one more to their taste. These matters of 
detail are after all less important, but the general trend of the 
science I believe to be determined by the great general laws that 
will hold, whatever the detailed lines of development. First, 
students of the science will cling closer to inductive methods 
without abandoning deduction. Speculative web-spinning will 
be less common, will be less attractive, and will be more 
avoided by naturalists of repute. Great generalisations will be 
made, of course, but made with caution and founded at every 
step on facts. Second, the science will deal more with processes 
and less with static phenomena; more with causes and less with 
the accumulation of data. The time is coming when the 
naturalist who merely describes what he sees in his sections will 
have neither more nor less claim for consideration than he who 
describes a new variety of animal. It is relations, not facts, that 
count. Third, the science will become experimental, at least in. 
so far as it deals with processes. Nothing will be taken for 
granted that can be experimentally tested. Better experimental 
laboratories will be founded and larger experimental stations, 
such as Bacon foresaw in the new world, will be established. 
Fourth, the science will become more quantitative. This is the 
inexorable law of scientific progress, at least where processes 
are concerned. I repeat that there is no reason to expect or 
desire the abandoning of the lines of work already recognised 
and followed for a half century or more. Rather, holding fast 
to and extending the old lines of investigation, zoology will be 
enriched by new fields of study lying between and uniting the 
old. As chemistry and physics are uniting and occupying the 
intervening field, as geology and botany are coming dose 
together in plant ecology, so will zoology and mathematics, 
zoology and geology, zoology and botany find untouched fields 
between them and common to them. Working in these new 
fields and by the aid of new methods the naturalist of the 
future will penetrate further into the nature of processes and 
unravel their causes. 

The zoology of the twentieth century will be what the 
zoologist of the twentieth century makes it. One hundred 
years ago the prerequisites of the naturalists were few, and the 
opportunities of getting them were small. He must have 
studied with some master or have worked as an assistant under 
a naturalist in some museum. The places were few, the masters 
often difficult of approach. Now, while on the one hand the 
training required is vastly more exacting, on the other hand 
the opportunities are generous. Just because of the fact that 
zoology is spreading to and overlapping the adjacent sciences, 
the zoologist must have his training broadened and lengthened. 
A zoologist may well be expected to know the modern languages 
(let us hope this requirement may not be further extended), 
mathematics through analytics, laboratory methods in organic 
as well as inorganic chemistry, the use of the ordinary physical 
instruments, advanced geology and physiography, botany, 
especially in its ecological, physiological and cytological aspects, 
and animal palaeontology. The list of prerequisites is appal¬ 
lingly long ; zoologists of the future will be forced to an earlier 
and narrower specialisation, while at the same time they must 
lay a broader foundation for it. 

But if the prerequisites of the zoologists are to he numerous, 
their acquisition will be easy. Even now scores of universities 
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put the services of the best naturalists at the disposal of students, 
and offer free tuition and living to come and study with them. 
Libraries, great museums, great teachers are made available to 
him who would work and had the requisite capacity. 

All these advantages will, however, count for nothing if 
zoological research do not attract the best men and if the best 
men be not accorded time and means for research. Our best 
students slip from our grasp to go into other professions or into 
commerce, because we can offer them no outlook but teaching, 
administration, and a salary regulated by the law of supply and 
demand. We must urge without ceasing upon college trustees 
and corporations the necessity of freedom for research and 
liberal salaries if America is to contribute her share to the 
advance of zoology in the twentieth century. 


THE CARNEGIE TECHNICAL SCHOOL AT 
PITTSBURG . 

WO of the addresses delivered by presidents of sections of 
the American Association for the Advancement of Science 
at the recent Denver meeting were concerned with scientific 
and technical education. Mr. J. A. Brash ear, Chancellor of 
the Western University of Pennsylvania, described the plans, 
drawn up at Mr. A. Carnegie’s request, for a great technical 
college at Pittsburg, and Prof. C. M. Woodward, Dean of the 
School of Engineering and Architecture, Washington University, 
St. Louis, took as his text the differences between the educa¬ 
tional ideals of to-day and of the time when education was 
considered merely as needful to the “embellishments of life.” 
The movement towards a study of the materials and forces of 
Nature and the problem of modern life—sociological, commercial 
and industrial—has produced a change of front as remarkable as 
it is gratifying. Out of the vast extension of the horizon of 
human activities which the movement has promoted, and a 
corresponding multiplication of occupations, has come an im¬ 
perative demand for better education and for technically educated 
men. The scheme for the Carnegie Technical School has been 
drawn up with the intention of suggesting how to train students 
to supply this want. 

Reference has already been made (July 25, p. 319) to the 
report of the committee appointed to determine the best plan 
and most suitable scope of the new institution which Mr. 
Carnegie is prepared to build, equip and endow in the city of 
Pittsburg. Further details are given by Mr. Brashear in his 
address, and are here summarised. After a careful discussion of 
the plan of procedure, the committee on the plan and scope of 
the proposed school decided to call to their assistance, as an 
advisory board, Dr. Robert H, Thurston, Prof. J. B. Johnson, 
Dr. Thomas Gray and Dr. Victor Alderson, acting president of 
the Armour Institute of Chicago. 

Each member of the advisory board formulated his plans 
without consultation with other members of the committee, yet 
it is a matter of interest to know that the expressed views of 
the advisory board as individual members were so nearly in 
accord on the general principles formulated for the great school 
of technology. The following is an outline of the scheme for 
the new technical school:— 

First, as to site. The advisory board suggested that not less 
than fifty acres be secured, and as a tract of sixty-five acres is 
available not far distant from the Carnegie Institute, the board 
strongly recommended its purchase, or a similar piece of land 
as near by as it is possible to obtain it. A potent reason for 
placing the technical school near the Carnegie Institute is the 
fact that its library is rich in technical and other valuable works 
which need not be duplicated in the technical school library ; 
indeed the association of the school with the great and increas¬ 
ingly valuable library, museum, art gallery and Academy of 
Science and Art is certainly to be desired. 

As to the buildings for the technical school, but little has been 
suggested. Dr. Thurston in his report has given an interesting 
rtsunU of the space occupied by the student in the various 
German technical schools, remarking that the German motto 
“ viel Platz, viel Licht, viel Luff,” would be an excellent guide, 
in determining this question. He says : “ Ample space, good 
light and plenty of fresh air are essential, although the architect, 
who should be the most earnest and intelligent of them all, is 
often woefully deficient in appreciation of their importance when 
brain work is going on.” Dr. Thurston further states that 
taking figures from the best German technical schools, which 
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are based on the largest experience, the school of architecture 
at Berlin has 150 feet floor space per student, the engineering 
school 35 feet; but this latter department is so much over¬ 
crowded that arrangements are being made to give the student 
in this department at least 75 feet of floor space. In marine 
engineering ill feet, and in metallurgy and the chemical 
departments each have 426 square feet of space. Prof. Thurston 
advises not less than 30 square feet per student in class rooms, 
in drawing rooms about 100, and in laboratories from 150 
to 500 feet, according to character of the work to be done and 
magnitude of the space required for machinery and apparatus. 

The Brunswick school has 4ro feet floor space per student in 
all departments. At Karlsruhe 450 square feet is provided in 
the department of electrotechnics. The cost of the Berlin 
building is placed at 1000 dollars per student, of the Brunswick 
buildings 2000 dollars per student. From these data it may be 
seen that an institution which may be called upon to provide for 
a thousand students at once, and perhaps three or four times that 
number in the near future, must be planned upon a most liberal 
scale to meet the demands which shall be made upon it. 

As to the scope of the work of the new school, Prof. Johnson’s 
proposed scheme is as follows :— 

A. Colleges. Courses of four years with a high school pre¬ 
paration : (1) College of Science ; (2) College of Engineering ; 

(3) College of Commerce. All these to be of university grade, 
with degrees conferred at graduation. B. Schools. Courses of 
three years with a grammar school preparation : (1) Manual 
Train School; (2) Domestic Science School; (3) School of In¬ 
dustrial Design; (4) School of Commerce. All these to be of 
high-school grade. Diplomas to be given at graduation. C. 
Artisan Day School. Courses of three years, with a preparation 
in reading, writing and arithmetic. To include courses of in¬ 
struction in subjects of essential importance in the practice of 
the various trades. D. Night School for day workers. Pre¬ 
paration same as C. Regular courses, and also special instruc¬ 
tions of practical value to day workers of all sorts and all 
employments. 

Prof. Johnson, Dr. Alderson and Dr. Gray studied a number 
of the industries of Pittsburg, and in all their reports they 
emphasised the value of the secondary schools. The question of 
monotechnic or trade schools, i.e. where a young man or woman 
can learn at least the rudiments of a trade by which they pro¬ 
pose to make their living, was also discussed; and it is the 
opinion of both committee and advisory board that in due time 
this part of the problem should be given earnest consideration. 

Dr. Alderson recommended that the six following depart¬ 
ments should be established, each with several branches :— 
(1) Engineering, (2) Secondary Education, (3) Library Economy, 

(4) Domestic Arts and Sciences, (5} Art, (6) Evening In¬ 
struction. 

Dr. Gray recommends that the institute should offer a course 
of instruction covering the whole nine years of study ; that it be 
divided into two distinct schools, a secondary and upper 
secondary, and a higher college or professional school. He 
advises that the secondary school commence first above the 
grade schools with a minimum age limit of fourteen years, and 
that the course of this instruction should include all the subjects 
commonly given in the best high schools with the possible ex¬ 
ception of Latin and Greek, and in addition the subjects more 
commonly given in business schools or colleges, along with this 
course of class-room instruction, provision should be made for 
practical instruction, either manual or otherwise, bearing upon 
the particular branch of industry which the scholar intends to 
enter. 

Dr. Gray recommends a good sound course in English for 
students of the secondary school, but not a study of foreign 
languages. He also recommends that the technical college or 
professional school be open only to a selected small number of 
students who have shown special fitness for the work, and that 
the entrance requirements should be considerably higher than is 
usual in existing technical colleges. For this department ex¬ 
tensive laboratory practice is recommended and thorough drill 
in the methods of testing properties of matter and in investi¬ 
gational work. 

The general scheme laid out for the great technical univer¬ 
sity by Dr. Thurston comprises the following colleges(1) 
Mechanical Engineering and the Mechanic Arts, with eight 
different departments of Mechanical Engineering ; (2} Civil 
Engineering, with six departments ; (3} Architecture, with three 
departments ; (4) Mines and Metallurgy, with two departments ; 
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